nappropriate antimicrobial utilization in hospitalized patients has been associated with adverse effects (e.g., antibiotic-associated diarrhea, acute renal failure), emergence of resistant bacteria, and increased health care cost. 1, 2 The incidence of inappropriate antimicrobial use varies depending on the institution, service, and specific antibiotic and may reach rates as high as 50% in some institutions. [3] [4] [5] [6] [7] [8] In an effort to decrease inappropriate use of antimicrobial agents, different strategies have been developed, including formulary restriction, use of clinical pathways or guidelines, didactic sessions provided by physicians or pharmacists to health care providers, changing intravenous antimicrobials to an oral form based on clinical and microbiological results (streamlining), computer-assisted management, and multidisciplinary approaches (e.g., staff contributions from infectious diseases, pharmacy, the emergency room, a quality-assurance reviewer, and an administrator), all with various levels of success. [9] [10] [11] [12] [13] [14] [15] Recommendations on how to improve antimicrobial use in hospitalized patients were proposed in 1988 by the Infectious Diseases Society of America (IDSA). 16 Following these recommendations, we developed a multidisciplinary hospital antimicrobial management team (AMT) in 1989 composed of members from pharmacy, infectious diseases, microbiology, and infection control. The development and implementation of our AMT was presented at the Interscience Conference on Antimicrobial Agents and Chemotherapy workshops during the years 1995 to 1999. 17 In recent statements by the IDSA and the Society for Healthcare Epidemiology in America, the formation of a performance improvement multidisciplinary team has been recommended as The improvement of antimicrobial utilization by a performance improvement program requires ongoing commitment from hospital administration to dedicate the necessary time and resources to members of the team. Resources to support the full-time commitment of at least 1 clinical pharmacist and the part-time commitment of 1 infectious diseases specialist are necessary for such multidisciplinary teams. Although this involves a financial obligation by the institution, studies indicate that the cost savings associated with antimicrobial streamlining and prevention of bacterial resistance approximate the salary cost of a clinical pharmacist. Combined with the cost of complications due to inappropriate antimicrobial use, the cost savings of an AMT outweigh the expense. 19, 20 Lipsky et al. showed that, following discontinuation of an educational antimicrobial program, there is often a rapid return to the baseline level of inappropriate utilization, indicating that persistent education is necessary for sustained improvement of antimicrobial use. 21 Nevertheless, in institutions with a wellestablished AMT that performs continuous antimicrobial education and intervention, a decrease in the level of suboptimal antimicrobial use may be expected to occur over time as physicians reach a learning threshold. If the impact of an AMT decreases over time, the cost savings will also likely decrease. At a certain point, the hospital cost of maintaining the program may be perceived to be greater than the savings associated with the program. When this point is reached, hospital administration may choose to shift the resources toward other hospital performance improvement programs. To date, there are no reports in the literature to define whether the proportion of antimicrobial use that is improved by team intervention remains stable over time.
The primary objective of this study was to determine if the number and percentage of antimicrobial interventions by our hospital AMT changed over time. Understanding that the team recommendations would have no impact unless they were accepted, the secondary objective involved evaluation of physician acceptance over the 3-year period. We evaluated the acceptance of team recommendations with respect to the site of infection, clinical service, and category of suboptimal use.
II Materials and Methods Antimicrobial Team Evaluation
All hospitalized patients at the Veterans Affairs Medical Center in Louisville, Kentucky, who were prescribed intravenous antimicrobials for the treatment of infections during a 3-year period, were evaluated by members of the hospital AMT. The team evaluated antimicrobial orders written by approximately 60 internal medicine residents, led by 48 attending physicians, and 45 general surgery residents, led by 24 attending physicians. A clinical pharmacist identified the patients receiving antimicrobials and then evaluated the use with an infectious disease physician-specialist, based on policies that had been developed with infection control personnel (infection control nurses, infectious disease specialists and other physicians, employee health nurses, and representatives from microbiology, construction, and administration) and microbiologists. Use of antimicrobials for surgical prophylaxis was the sole exclusion criterion among patients receiving antimicrobials in this study. All other episodes were included even if antimicrobials were discontinued within 24 hours of a team recommendation.
An episode of antimicrobial use was defined as all antimicrobials used to treat a single episode of infection. For example, ceftriaxone and azithromycin prescribed for a patient with community-acquired pneumonia would be considered 1 episode. Initial antimicrobial use was judged "optimal" if the indication was in compliance with hospital antimicrobial guidelines 22 (Appendix A). Two examples of "optimal" use include (1) an order for 1 gram of intravenous vancomycin every 12 hours for a suspected methicillin resistant Staphylococcus aureus infection in a 66 kilogram patient with normal renal function and no allergies and (2) an order for 2 grams of nafcillin every 4 hours for a patient with a methicillin-sensitive Staphylococcus aureus infection. These guidelines were developed by members of the hospital AMT, reviewed by the hospital staff, and approved by the hospital executive board. Antimicrobial use outside of the guidelines was defined as "suboptimal." Two examples of "suboptimal" use include (1) an inappropriate length of therapy when using vancomycin after susceptibility results reveal Staphylococcus aureus to be methicillin sensitive and (2) an inappropriate dose when using 2 grams of ceftriaxone once daily to treat a nonmeningeal infection.
Antimicrobial Team Recommendations
Members of the team performed daily rounds on all hospitalized patients who received antimicrobials to treat an infection. An antimicrobial regimen determined to be suboptimal triggered an automatic recommendation by the hospital AMT with the goal to move antimicrobial use into compliance with hospital guidelines. In addition to discussing a recommendation with the physician, it was recorded in the patient' s chart. If the physician accepted the recommendation, then the antimicrobial use was classified as optimal and "compliant after recommendation." If physicians disregarded the team recommendation, there were no consequences.
The AMT considered all suboptimal episodes noncompliant. Whether the recommendation was ignored or rejected, the use was classified as suboptimal and noncompliant. The number of antimicrobial episodes evaluated by the team and the percentage of team recommendations were grouped into periods of 6 months each. A total of 6 periods were evaluated during the 3 years of the study. Data were analyzed using the χ 2 statistic (Statcalc function of Epi Info 2000, CDC, Atlanta, Georgia) to I. OBJECTIVES Antimicrobial agents are the most important intervention in the therapy of infectious diseases. Their proper use is not only essential for patients to recover from the infectious process, but also to avoid potential toxic effects, emergence of resistant bacteria, and to reduce health care costs.
Guidelines for the use of antimicrobial agents have been developed by the Infectious Diseases Section of the Department of Medicine and the Surgery Department of the University of Louisville School of Medicine in conjunction with the Pharmacy Service at the Louisville Department of Veterans Affairs Medical Center. The goal of these guidelines is to promote optimal antimicrobial use in hospitalized patients. These guidelines are based on national standards and more importantly on local experience. These guidelines after review by the medical center medical staff, have been approved by the Pharmacy and Therapeutics Committee and the Clinical Executive Board to become the policy for the use of antimicrobials in this medical center. Knowledge of the pharmacodynamics of antimicrobials can be applied to better design regimens to maximize efficacy, decrease toxicity, decrease risk of emergence of resistant bacteria, and decrease cost. Antibiotics that inhibit cell wall synthesis like betalactams and vancomycin have time dependent bactericidal activity, i.,e., as long as the concentration is a certain level above the MIC, the rate of killing is not increased with higher doses. Except for carbapenems, these antibiotics also do not have significant post antibiotic effect (PAE). By contrast, antibiotics that inhibit DNA or protein synthesis such as aminoglycosides and quinolones have concentration dependent bactericidal activity. The higher the concentration, the higher the rate of bacterial kill. These antibiotics also possess a prolonged PAE (Infect Control Hosp Epidemiol. 1990;11:319.) Infection control plays a major role in the surveillance of nosocomial infections and in the prevention of their spread. Also important, is its role in employee health to prevent infection from patients or the hospital environment.
II. CLASSIFICATIONS OF THERAPY
Clinical situations in which antimicrobial agents are regularly used are defined as follows:
1. Prophylactic Use 2. Therapeutic Use • Empiric Therapy • Known Pathogen Therapy • Switch Therapy Prophylactic Use: In the clinical situation of "prophylactic use," the antimicrobial is used to prevent infection. In the hospital, the most commonly encountered prophylaxis is in surgery to prevent wound infection. There are also other indications for prophylactic use of antimicrobials, e.g., prevention of bacterial endocarditis, influenza A. Post exposure prophylaxis against HIV infection (needle stick), or meningococcal infections are also outlined in Appendix B.
Empiric Therapy:
In the clinical situation of "empiric use." the antimicrobial is used as initial therapy directed to eradicate the most likely pathogens. Before initiation of antimicrobials, appropriate specimens for stains and cultures of microorganisms should be obtained. Results of identification and susceptibility of microorganisms are likely to be available in the following 48 to 72 hours. The use of broad spectrum antibiotics or combination therapy is usually necessary to cover the different organisms capable of causing an infection. The use of agents in this situation should not extend beyond the time required to obtain results of cultures and susceptibility. Criteria for the use of particular intravenous antimicrobials agents in the clinical situation of "empiric use" are described in Appendix A. Recommendations of empiric therapy for some common infections are outlined in Appendix C.
Known Pathogen Therapy:
In the clinical situation of "known pathogen use," the antimicrobial is used when the microbiology laboratory has identified the microorganism causing the infection and the susceptibility pattern is known. If during "empiric use," the patient was started on combination therapy or broad spectrum antibiotic, the antimicrobial spectrum should now be narrowed to cover the microorganism identified as the etiologic agent. Antimicrobial therapy should be continued with an appropriate narrow spectrum antibiotic to avoid colonization with resistant organisms and superinfection. Criteria for the use of particular intravenous antimicrobial agents in the clinical situation of "known pathogen use" are described in Appendix A.
Switch Therapy-Conversion From IV to PO
In the clinical situation of "switch therapy use", oral antimicrobials replace intravenous usage for completion of therapy. Intravenous therapy is almost always employed in serious infections to ensure maximal serum levels. In patients with infections localized in areas of poor antibiotic penetration (i.e., meningitis, endocarditis), and in patients with immunodeficiency states (i.e, neutropenia), intravenous antibiotics are recommended for the complete duration of therapy. The great majority of patients with infection do not require completion of the antimicrobial course with intravenous therapy. Transition to oral therapy can usually be employed. The following criteria were developed for transition from parenteral to oral antimicrobial: a) no clinical indication for intravenous therapy (i.e., meningitis, endocarditis, neutropenia) b) no clinical indication of abnormal gastrointestinal absorption of drugs (i.e., diarrhea) c) patient is afebrile for at least 8 hours d) signs and symptoms related to infection are improving e) the white blood cell count is normalizing If the patient meets the above five criteria, the completion of the treatment may be achieved with an oral agent. Oral antimicrobials recommended as alternatives to parenteral therapy are presented in Section IV, The choice of oral agents is guided by pharmacokinetic and pharmacodynamic principles.
III. AVAILABLE ANTIMICROBIAL AGENTS (list available from authors)

IV. ORAL ALTERNATIVES TO IV ANTIMICROBIALS
When clinically indicated, switch from the following parenteral to the oral agent is suggested. (List available from authors; e.g., oral dicloxacillin 500 mg qid for parenteral nafcillin 1 gm q 4 hours.)
V. GUIDELINES FOR THE USE OF COMMON PARENTERAL ANTIMICROBIALS
The following guidelines are organized schematically for each main intravenous antimicrobial, with its more common indications. The recommended doses are based on normal renal function. (List available from authors; includes the following example: 6. Cefazolin: To be used in skin and soft tissue infections, and other infections caused by susceptible Staphylococcus aureus. It may be used in urinary tract infections when susceptible gram negative organisms are identified. The high dose regimen should be used for endocarditis. Cefazolin does not penetrate into the blood brain barrier and should not be used to treat meningitis. Recommended Dose: Usual dose: 1 g q 8h; High dose: 2 g q 8h)
GUIDELINES FOR PROPHYLACTIC THERAPY
(Complete list available from the authors; includes specific guidelines for use of antimicrobials in surgical procedures, bacterial endocarditis, rheumatic fever, meningococcal disease, tuberculosis prevention) Treatment failure is mostly because of poor vascularization of infected and necrotic tissue which would need to be debrided. Rarely, it may be due to resistant pathogens.
GUIDELINES FOR EMPIRIC THERAPY FOR SOME COMMON INFECTIONS
An updated version of the guidelines is available at: www.staarprogram.com/Veteransguide.pdf.
Excerpts From the Guidelines for the Use of Antimicrobials
APPENDIX A determine significant differences in the proportions of inappropriate antimicrobial use between different time periods. All episodes defined as suboptimal were divided into 6 categories: (1) inappropriate length of therapy (e.g., length of therapy is either too long or too short according to guidelines), (2) inappropriate dose (e.g., dose too low or too high relative to the patient' s renal function and dose recommended by guidelines), (3) more effective drug available (e.g., using vancomycin for therapy of methicillin susceptible Staphylococcus aureus), (4) less toxic drug available, (5) narrower spectrum drug available, and (6) use unjustified (e.g., using antimicrobials when no infection was identified). All episodes were grouped by clinical service-internal medicine physicians versus general surgeonsand by site of infection-lower respiratory infection, urinary tract infection, skin and soft tissue infection, intra-abdominal infection, and "other."
II Results
A total of 3,004 antimicrobial treatment episodes were evaluated by the AMT during the 3-year study period, of which 1,103 (36.7%) were considered suboptimal and received recommendations. Of those recommendations, 890 (81%) were accepted. There was no significant variation in this proportion of treatment episodes requiring AMT recommendations between the 6-month periods over the 3 years (P = 0.8, Figure 1 ) In contrast to the proportion of treatment episodes requiring recommendations, there was variation in the proportion of recommendations that were accepted, with significantly more accepted during the two 6-month periods in 1997 than in the three 6-month periods of 1998 to 1999 (P<0.0001).
Acceptance of a recommendation for a more effective or less toxic drug was more likely than acceptance of any other category of recommendation (P<0.0001, Table 1 ). By type of service, the proportion of antimicrobial treatment episodes that were suboptimal did not differ between medicine (37%) and surgery (35%), (P = 0.57, Table 2 ), but general surgery services were less likely (71%) than internal medicine services (83%) to accept antimicrobial recommendations (P = 0.009).
There was no significant variation in the proportion of recommendations accepted by site of infection (P = 0.15, Table 3 ). Among all antimicrobial episodes, 29.6% (890 of 3,004) were improved after intervention by the AMT. The acceptance rates of AMT recommendations by internal medicine or general surgery service remained stable over the study period, at 83% and 71%, respectively ( Table 2 ). The distribution of the infections treated during each study period remained stable, with lower respiratory tract infections as the predominant infection over the 3-year period (Table 3) .
II Discussion
With understanding and support from hospital administration, a well-established and recognized AMT has been maintained in our hospital over the past 10 years. One might expect that an active AMT would, over time, have the effect of reducing the proportion of infection episodes associated with suboptimal use of antimicrobials. Our study indicates that in a teaching hospital, the proportional improvement in antimicrobial use achieved by implementation of a hospital AMT remained stable over time. Over a 3-year period, we were unable to document any decrease in the proportion of antimicrobial episodes that were suboptimal prior to team recommendations.
One possible explanation for this finding is the presence of both medical and surgical resident training programs in our institution. The involvement of new resident physicians every year in the care of hospitalized patients may require the continued educational presence of an AMT. In addition, our study revealed a continued benefit from the active interventions made by the AMT. Active intervention by a team of clinical pharmacists and a physician-specialist in infectious disease over a 3-year period achieved the following outcomes: (a) 35% of all antimicrobial use was identified as suboptimal compared with clinical guidelines and (b) 81% of recommendations to improve suboptimal use were accepted.
The success of a hospital program based on team recommendations depends greatly on medical staff acceptance of a team member' s advice, as the mere recognition of inappropriate use without successful intervention will not improve patient outcomes. In our hospital, recommendations are always based on institutional antimicrobial guidelines, always documented, and, in some cases, performed face-to-face with the primary physician. In our institution, an average of 81% of all recommendations to optimize antimicrobial use were accepted. Our strategy of using real-time utilization review and continuous education may explain the high level of acceptance documented over time in our institution. The well-established nature of the team, including contributions by the clinical pharmacist working in close collaboration with infectious disease physicians, is also a factor in the high level and sustained acceptance rate for AMT recommendations.
Among the categories of suboptimal antimicrobial use, inappropriate dosing was most common and, hence, was the subject of 41% of all recommendations. By preventing the overdose of antimicrobials, the AMT may improve patient safety by avoiding drug toxicity and side effects. Alternatively, by preventing underdosing, the team may slow the emergence of resistance and speed the recovery of patients or even prevent treatment failure. Together, these factors may quell the need for the development of new agents. Similarly, other team interventions may have contributed to less expensive and more streamlined antimicrobial use. 1, 2, 23 According to a recent survey of 14 U.S. hospitals, those with active antibiotic management programs used significantly more of less-expensive groups of antimicrobials compared with those with only passive control policies. 24 In our hospital, 5 of the 6 categories evaluated by the AMT Improving Antimicrobial Use: Longitudinal Assessment of an Antimicrobial Team Including a Clinical Pharmacist (Table 3) focus on strategies typically associated with using fewer antimicrobials or stopping unnecessary antimicrobials.
One practice that may favor the development of antimicrobial resistance is the repetitive use of a single antimicrobial agent as empiric therapy for most infections. 25 Hospitals with restrictive antimicrobial formularies that allow the physician to use only a small number of antibiotics for empiric therapy may favor the development of resistant bacteria by such selective antimicrobial pressure. In an attempt to prevent this, we changed from a restrictive drug formulary to a more flexible formulary based on guidelines for optimal antimicrobial use. This type of formulary policy may contribute to a more collegial, less restrictive clinical practice environment and facilitate acceptance of team recommendations. Our hospital antimicrobial guidelines are distributed to all faculty and residents and are the foundation for the team recommendations.
Our data suggest that both surgical and medical services have very similar rates of suboptimal antimicrobial use (P = 0.57, Table 2 ). However, general surgical teams appear somewhat less likely to accept team recommendations compared with internal medicine teams, measured by a higher rate of acceptance in medical units (P = 0.009, Table 2 ). One possible explanation for this finding is the less frequent face-to-face interaction between our team members and surgeons and residents of the surgical services. The surgeons were relatively less accessible because they performed rounds earlier in the morning than the AMT, and they were often in the operating room during the day.
The acceptance rates of team recommendations did not differ by the site of infection. Among types of suboptimal antimicrobial use, recommendations to discontinue antimicrobials in patients without documented infection had the lowest acceptance rate, while recommendations to give a more effective antimicrobial agent had the highest acceptance rate.
Limitations
Several limitations of this study should be recognized. Aside from its retrospective design, an important limitation was the need to classify antimicrobial use dichotomously as either "optimal" or "suboptimal." This method may have oversimplified a complex case, especially when so many variables came into play when choosing antimicrobials for a patient, such as allergies, previous antimicrobial history, and course of illness. These extra variables served as confounders. If any of these confounders affected the more popular categories of "duration of use" or "use justified," then the oversimplification would have been magnified.
We did not have a control group, and it is possible that temporal influences might have affected physician behaviors that were not due to the influences of the AMT. For instance, we were not able to control for campaigns by national organizations (e.g., Centers for Disease Control and Prevention) to improve antimicrobial use. Also, since the AMT did not communicate face-to-face with surgeons as often as desired, the AMT may have influenced the internal medicine physicians more than the surgeons. In this study, there were no consequences for the physicians if they continued using antimicro- 
TABLE 2
Proportion of Episodes (%) bials inappropriately. Making prescribers accountable for deviation from guidelines may have improved use or at least the acceptance of AMT recommendations over the 3-year period. Finally, the antimicrobial use guidelines underwent independent review performed by the hospital staff and executive committee; the case evaluations performed by the AMT members were not subjected to independent third-party review or other validation. An important area for future research is the development of interventions that may help to improve the proportion of AMT recommendations that are accepted by physcian-prescribers. It has been suggested that real time, concurrent, or immediate retrospective feedback of antimicrobial use may be an important intervention to improve physician compliance with recommendations. 26 This study may have been improved if periodic feedback was provided to physician-prescribers, especially if this feedback was shared with department chiefs (peer review) and hospital administration. It would also be valuable in future study designs to measure clinical outcomes (e.g., length of stay, the presence of side effects, utilization of resources, and mortality) for the group of patients with accepted AMT recommendations versus those patients for which AMT recommendations were not accepted. To prove that our data can be generalized, it would be important to develop a national network of hospitals with AMTs to aggregate data on interventions and outcomes.
II Conclusion
Our study supports the need for AMT interventions, over time, at a teaching institution, regardless of the site of infection or the clinical service (medicine or surgery). Over a 3-year study period, the rate of suboptimal use remained fairly constant, at about 35% of all antimicrobial use. A major implication is that there may be a need for the long-term presence of AMTs, particularly in teaching institutions, where there is regular turnover of medical and surgical residents. TABLE 3 
